393 SPATIO-TEMPORAL ANALYSIS OF THE SIGNIFICANT CHANGES IN CARTILAGE MORPHOLOGY: DATA FROM THE OSTEOARTHRITIS INITIATIVE  by Tamez-Pena, J.G. et al.
Poster Presentations / Osteoarthritis and Cartilage 19S1 (2011) S53–S236 S181
with 95% conﬁdence intervals (CI). Validity was evaluated by comparing
Be´zier minJSWs against the manual caliper minJSW and assessing
them using R2s from linear regression in addition to Spearman’s
correlation coefﬁcient (r). Data was collected using a proprietary software
program developed by University of Oxford, minimums and means were
calculated from Be´zier data using Matlab 7.10, and statistical tests were
completed in Stata version 11.0.
Results: The means (in millimeters) and standard deviations for the
minJSW in the medial compartment were 3.9 (SD 1.5), 3.8 (SD 1.4)
and 3.9 (SD 1.4) for the manual calipers, user Be´zier and auto Be´zier
measurements, respectively. In the lateral compartment minJSWs were
5.1 (SD 1.5), 5.1 (SD 1.4) and 5.2 (SD 1.4) for the same measurements.
Means (in millimeters) and standard deviations for mean JSW in the
medial compartment were 5.0 (SD 1.1) and 5.0 (1.1) for the user Be´zier
and auto Be´zier measurements, respectively. In the lateral compartment
means for mean JSW were 5.7 (SD 1.5) and 5.8 (SD 1.5) for the same
measures. The table shows the intra- and inter-observer reproducibility,
with all joint space measures showing high levels of reproducibility.
When the validity of the user constrained Be´zier curve was tested against
the manual measure of minJSW, linear regression showed an R2 of 0.92
in both compartments and an r of 0.89 medially and 0.93 laterally. When
the automated Be´zier curve was compared with the manual measure,
R2s of 0.92 and 0.93 and r of 0.92 and 0.93 were found in the medial
and lateral compartments, respectively.
Conclusions: The measurements from this proposed method are
extremely reproducible, highly correlated with the gold-standard, and
simple to use. The curves provide a wealth of additional information
about joint morphology by accurately reﬂecting the curvature of the
bone edges, are easily adaptable to future measurements (e.g. area and
maximum), and show great promise in measuring JSW in cohort studies.
Table: Intra- and inter-observer reproducibility
JSW measurements ICC (95% CI)
Intra-observer Inter-observer
mJSW (medial) – manual caliper 0.97 (0.96, 0.99) 0.94 (0.90, 0.97)
mJSW (lateral) – manual caliper 0.97 (0.95, 0.98) 0.96 (0.93, 0.98)
mJSW (medial) – user Bezier 0.96 (0.94, 0.98) 0.93 (0.90, 0.97)
mJSW (lateral) – user Bezier 0.96 (0.94, 0.98) 0.91 (0.87, 0.96)
mJSW (medial) – auto Bezier 0.97 (0.95, 0.99) 0.94 (0.91, 0.97)
mJSW (lateral) – auto Bezier 0.96 (0.93, 0.98) 0.94 (0.91, 0.97)
Mean JSW (medial) – user Bezier 0.93 (0.90, 0.97) 0.89 (0.83, 0.95)
Mean JSW (lateral) – user Bezier 0.97 (0.96, 0.99) 0.93 (0.91, 0.97)
Mean JSW (medial) – auto Bezier 0.96 (0.93, 0.98) 0.89 (0.83, 0.95)
Mean JSW (lateral) – auto Bezier 0.97 (0.96, 0.99) 0.94 (0.91, 0.97)
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INTERMUSCULAR FAT VOLUME IN THE THIGH RELATES TO KNEE
STRENGTH AND PHYSICAL PERFORMANCE AMONG WOMEN
AT RISK FOR OR WITH KNEE OSTEOARTHRITIS
M.R. Maly, N.J. MacIntyre, K.A. Beattie. McMaster Univ., Hamilton, ON,
Canada
Purpose: While measures of thigh muscle and fat volumes from
magnetic resonance images show robust psychometric properties, the
role of these measures in understanding knee function in the presence
of osteoarthritis remains unclear. The purpose of this study was to
determine whether quadriceps muscle (QM) and intermuscular thigh
fat (IMF) volumes explain variance in knee strength and physical
performance of women in the incident and progression cohorts of the
Osteoarthritis Initiative (OAI).
Methods: From women over age 50 enrolled in the OAI, baseline
data from 93 right knees in the incident or progression cohorts were
randomly selected. Knee strength was the peak isometric extensor force
of the right knee produced against a ﬁxed force transducer, expressed
per kilogram of body mass to control for body size (N/kg). Physical
performance was the time (s) required to stand from a seated position
5 times without the use of hands. Longer time corresponded with
reduced performance. QM and IMF volumes were determined from T1-
weighted axial magnetic resonance imaging scans (cm3) consisting of 15
contiguous slices (5mm slice thickness) of the right mid-thigh. A single
reader segmented each anonymized scan on a slice-by-slice basis using
SliceOmatic 4.3 (Tomovision, Magog, QC, Canada) to generate QM and
IMF volumes. Because age and local knee factors affect knee strength
and physical performance, these were included in the analyses. Local
knee factors included (i) OA status, or assignment to the incident or
progression cohort (ii) right knee frontal plane alignment, measured
with a goniometer in standing, and (iii) pain intensity reported during
the strength test. In addition to descriptive statistics, 2 hierarchical
multiple regressions were used to test whether QM and IMF would
explain variance in each of knee strength and physical performance.
For both regressions, block 1 included age; block 2 included local knee
factors; and block 3 included QM, IMF (probability of F to enter: p less
than 0.05; to remove: p greater than 0.10).
Results: The mean (SD) age of the 93 participants was 62.7 (7.4) years
and knee strength was 4.12 (1.20) N/kg. The 49 incident knees [4.42
(1.3) N/kg] were stronger than 44 progression knees [3.78 (1.01) N/kg,
p = 0.009]. No differences were found between incident and progression
in physical performance, QM or IMF. Physical performance of the 93
participants was 12.0 (3.6) s, QM volume was 252.01 (49.21) cm3 and
IMF volume was 103.42 (32.61) cm3. A model explaining 20.1% of variance
in knee strength included alignment, OA status, pain intensity and IMF
(Table 1). Also, 7.3% of variance in physical performance was explained
by age and IMF. QM volume was unrelated to knee strength and physical
performance.
Conclusions: After controlling for the effect of age and local knee
factors, IMF explained a small amount of variance in knee strength
and physical performance among women at risk for, and with knee
osteoarthritis. Larger volumes of IMF corresponded with poorer knee
function. Interestingly, QM was unrelated to knee function, perhaps
because muscle volume does not reﬂect the magnitude of intramuscular
fatty inﬁltration, or the muscle mechanics (e.g., cross-sectional area,
architecture, muscle activation) known to affect force output from
muscle.
Table 1. Hierarchical multiple regressions of knee strength and physical
performance
Model R Adjusted R2 Standardized beta
coefﬁcient
p
Knee strength
1. Alignment 0.205 0.039
2. OA status 0.486 0.201 −0.186 0.058
3. Pain intensity −0.190 0.055
4. IMF −0.221 0.025
Physical performance
1. Age 0.306 0.073 0.219 0.033
2. IMF 0.220 0.033
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SPATIO-TEMPORAL ANALYSIS OF THE SIGNIFICANT CHANGES IN
CARTILAGE MORPHOLOGY: DATA FROM THE OSTEOARTHRITIS
INITIATIVE
J.G. Tamez-Pena1,2, P. Gonzalez2, E. Schreyer2, S. Tottermann2. 1Tec
de Monterrey, Monterrey, Nuevo Leon, Mexico; 2Qmetrics Technologies,
Rochester, NY, USA
Purpose: The purpose of this analysis is to study the spatio-temporal
presentation of the changes in cartilage morphology using signiﬁcant
change detection from standardized thickness maps and to report the
rate of progression of signiﬁcant changes in cartilage thickness.
Methods: OAI MRI data sets releases: 0.3C.2 (Baseline), 1.C.2 (12 month)
and 3.C.1 (24 month) were used in this study. The most diseased knee per
subject and with the three complete MRI observations were selected and
analyzed (138 subjects, 3 Timepoints). The baseline-image analysis data
extracted from the OAI site was used to stratify knees into three groups:
Non-denuded: Knees without full cartilage thickness defects (n = 52).
Low-Denuded: Subjects with small full thickness defects (n = 43).
Top-Denuded: Subjects with large full thickness defects (n = 43). All
the 414 DESS MRI images were independently segmented using a
fully automated multi-atlas segmentation algorithm that created atlas-
referenced thickness maps of the tibia and the femur cartilage. The
segmentation quality was visually inspected. The Pilot OAI scan-rescan
data was used to estimate the paired-measurement noise of the method
in creating atlas-referenced thickness maps. The 12-month and 24-month
cartilage thickness maps were compared to the baseline observation and
standardized thickness change maps were created by subtracting the two
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time points and then dividing the point-by-point changes by the standard
deviation of the paired-measurement noise. The standardized thickness
points with z-values lower than 1.96 (p < 0.05) were marked and counted
as points with signiﬁcant cartilage loss. The proportion of marked points
was reported as the percentage of signiﬁcant cartilage loss at the femur
cartilage and the tibia cartilage. Finally, all the 12-month and 24-month
change maps were aggregated into a single standardized change map. The
signiﬁcant cartilage loss maps were aggregated into a single heat-map
that showed the prevalence and localization of the signiﬁcant changes
in cartilage thickness. The difference between 24-month changes and
12-month changes were used to estimate the standardized response of
the mean (SRM) of the methodology.
Results: One knee observation was dropped due to poor segmentation
quality. As seen in Fig. 1, heat maps showed different patterns of loss
among the no-denuded, the low-denuded and the high-denuded groups.
The entire femur showed an average signiﬁcant 12-month loss on 6.9%
of its surface. The loss progressed towards an 8.9% loss with a SRM of
0.48 (0.31 to 0.65). The tibia progressed from a 7.0% loss to an 8.6% loss
with a SRM of 0.25 (0.08 to 0.42). The knees with no-denuded areas
showed cartilage loss at 5.4% of their femoral cartilage and progressed
towards a 7.8% loss with a SRM of 0.73 (0.45 to 1.01) and 74.5% (60.1%
to 85.2%) of the knees worsening the affected area. The tibia progressed
from a 5.9% loss towards a 7.9% loss with a SRM of 0.39 (0.11 to 0.67).
Subjects with small denuded areas showed a 12-month, 24-month loss
of 7.1%, 8.6% respectively with a 0.36 SRM in the entire femur. Subjects
with large denuded areas showed a 12-month, 24-month loss of 9.1%,
11.0% respectively with a 0.36 SRM.
Conclusion: The image analysis technology used in this study provided
quantitative and statistical maps that showed the prevalence and location
of changes in cartilage thickness. The spatial localization and the
prevalence of those changes were different in the different OA groups
studied in this work, indicating the degree of heterogeneity of the disease
presentation and progression. Furthermore, the methodology showed
that early stage OA (Bone free of denuded areas) is very dynamic with
cartilage loss progressing at the annual rate of 2.2% (0.45 < SRM < 1.01).
Future work will compare the rate and localization of the changes among
the non-exposed OAI cohort, a symptomatic worsening OAI group, and
an age matched symptom stable OAI group.
Fig. 1. Heat map of proportion of subjects that show signiﬁcant changes
in cartilage thickness in three different populations.
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PREDICTION OF THE ONSET OF KNEE PAIN BY QUANTITATIVE MRI:
DATA FROM THE OSTEOARTHRITIS INITIATIVE
J.G. Tamez-Pena1,2, P. Gonzalez2, E. Schreyer2, S. Tottermann2. 1Tec
de Monterrey, Monterrey, Nuevo Leon, Mexico; 2Qmetrics Technologies,
Rochester, NY, USA
Purpose: The purpose of this study was to evaluate the ability of
structural changes in cartilage thickness to predict the future onset
of knee pain as measured by the KOOS pain.
Methods: The symptomatic knee of 138 subjects at baseline, 12 month
and 24 month DESS sagittal MRI knee images from OAI data progression
cohort releases 0.C.2, 1.C.2 and 3.C.1 were segmented by a multi-atlas
based segmentation algorithm. Images were evaluated for image quality
and segmentation quality. All the local thicknesses measurements at
the cartilage surface were projected back into the cartilage volume
and mapped into to the digital atlas space. After that, cartilage voxles
were compared voxel by voxel to the atlas’ cartilage surface thicknesses
creating atlas-referenced thickness maps. At baseline atlas-referenced
maps of thickness values were statistically described by mean, variance
and distribution percentiles. Furthermore, the 12 month data and the
24 month thickness maps were compared back to the baseline maps and
the voxel-by-voxel longitudinal thickness change maps for every subject
were computed. The change maps were described by mean change,
variance of change and proportions of areas with signiﬁcant changes.
The quantiﬁcation of curvature and thickness were done on the central
regions of the knee, the entire femur and tibia cartilage. The KOOS
scores were downloaded from the OAI site (http://www.oai.ucsf.edu)
and used to associate the quantitative MRI measurements to changes in
KOOS pain. Only subjects with an enrolment KOOS pain larger than 80
were considered for this analysis. Individual subject changes between
the 36 month, 24 month and 12 month to the enrolment assessment
of KOOS pain were compared to each subject qMRI baseline assessment
and to each subject proportion of signiﬁcant thickness changes observed
between the baseline observations to the 12month. Furthermore, the area
under the curve (AUC) of the ROC was computed for the test of predicting
a positive change in pain. Finally a linear model with enrolment BMI
was constructed to further study the association of the qMRI data to
the change in knee pain. Signiﬁcant associations were deﬁned by beta
coefﬁcients different from zero.
Results: One subject was removed due to poor segmentation quality.
43 subjects had a KOOS pain score greater than 80. Table 1 shows the
association statistics. The atlas referenced standard deviation of cartilage
thickness was a good predictor of an increase of pain at 12 month,
24 month and 36 month (Spearman r = 0.4, 0.42 and 0.31 respectively).
Baseline to 12 month signiﬁcant changes in tibia cartilage thickness were
also associated to an increase in pain at 12, 24 and 36 month (Spearman
r = 0.42, 0.34 and 0.34 respectively). The signiﬁcant AUC were also found
for the prediction of a 24 month increase of pain (AUC=0.81) by the
thickness referenced standard deviation. The linear model observed
positive association of the atlas referenced standard deviation to the
24 month pain, and of the signiﬁcant changes in tibia to the increase in
12 month pain. Figure 1 shows the ROC of the prediction of a 24 month
vs. Baseline increase in pain. ROC curves indicate that an 80% prediction
of pain onset can be achieved with less than 30% of false positives.
Fig. 1. Month vs Enrolment pain increase prediction ROC. Left: ROC curve
of the atlas reference thickness. Middle: ROC curve of the signiﬁcant
changes in tibia thickness. Right: ROC of the linear model that includes
BMI, curvature, standard deviation and signiﬁcant changes.
Conclusion: The changes in cartilage morphology are good predictors of
pain onset. ROC and correlation analysis indicate that structural changes
in cartilage morphology can be used to predict the 2 year onset of knee
pain with a true positive rate of 80% and 30% of false positives. These
ﬁndings in combination with other risk factors can help in the design of
prospective clinical trials requiring a good proportion of subjects showing
signiﬁcant progression in their pain symptoms.
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OSTEOPHYTES AND JOINT SPACE NARROWING ARE INDEPENDENTLY
ASSOCIATEDWITH PAIN IN FINGER JOINTS IN HAND OSTEOARTHRITIS
M. Kortekaas, W-Y. Kwok, M. Reijnierse, T. Huizinga, M. Kloppenburg.
Leiden Univ. Med. Ctr., Leiden, Netherlands
Purpose: Hand osteoarthritis (HOA) can cause considerable pain, and one
could assume that structural abnormalities play a role in the aetiology of
this clinical feature. However, in earlier studies only limited associations
